The production by a number of strains of Pseudomonas syringae pv. syringae of compounds that inhibit the growth of Escherichia coli is reported. A high proportion of P. s-vringae pv. syringae strains from Syringa vulgaris and Citrus spp. produced the compounds responsible for this effect, whereas the proportion of producers amongst strains from Phaseolus spp., Prunus spp. or Pyrus communis was low, and amongst strains from Allium spp., Pisum sativum or Sorghum spp. was zero. This specificity in production may be a useful taxonomic feature.
INTRODUCTION
Recent studies of phytotoxins produced by pathovars of Pseudomonas syringae have established that specific pathovars can produce specific phytotoxins (Mitchell, 198 1) . Toxin production may thus be a feature useful for taxonomic considerations of Pseudomonas syringae.
Pseudomonas syringae pv. syringae van Hall comprises a collective grouping of strains that have been isolated from a diverse range of host plants. Syringomycin and syringotoxin are two toxins produced by P. syringae pv. syringae; syringomycin is produced by most strains except those from Citrus hosts (De Vay et al., 1978; Gross & De Vay, 1977a) , while syringotoxin is produced by strains from Citrus hosts (De Vay et al., 1978) but not by strains from many other hosts (Gross & De Vay, 1977b) . These findings provide a precedent for groupings within P. syringae pv. syringae on the basis of toxin production and the natural host.
Some strains of P. syringae pv. syringae when grown on plates of agar medium inhibit the growth of Escherichia coli, applied later as an overlay (Gason, 1980) . These inhibition zones are similar to those produced by phaseolotoxin (Staskawicz & Panopoulos, 1979) , a toxin produced by P. syringae pv. phaseolicola (Burkholder) Young, Dye & Wilkie, but differ from phaseolotoxin-produced zones in that they are prevented in the presence of L-ornithine (Gason, 1980) . The present paper reports the characterization of the inhibition of E. coli by compounds from P. syringae pv. syringae and examines whether there is a relationship between this characteristic and the natural hosts of P. syringae pv. syringae strains.
M E T H O D S
Bacterial strains, and their culture. All strains were from the Plant Diseases Division Culture Collection (PDDCC) and are listed in Table 1 . A mixture of 10 colonies, recovered from the lyophilized state, was subcultured on to King's medium B slopes (Kinget a/., 1954) and after 24 h growth at 25 "C these were either used immediately or stored at 8 "C. Subsequently, fresh 24 h subcultures from these stored slopes were used. Short communication Assay forproduction of E. coli inhibitors. Each strain was grown for 6 h on plates at 18 "C and then the plates were tested for inhibition of the growth of E. coli (PDDCC 6107), applied as an overlay (Staskawicz & Panopoulos, 1979) .
Characterization of E. coli inhibition zones. Methionine (500 mg per ml overlay) was routinely added to E. coli overlays to prevent the appearance of a relatively small inhibition zone produced by a wide range of pseudomonads (Jamieson et al., 1981) . The tripeptide triglycine (Staskawicz & Panopoulos, 1980) and various Land Damino acids and amino acid derivatives were separately tested by inclusion in the E. coli overlay at a concentration of 500 mg ml-' as listed in Table 2 .
Liquid culture. Liquid cultures were examined for inhibitors of the growth of E. coli. The strains tested were P. syringae pv. syringae from Syringa vulgaris ( Table 1 ) except for 4894,4932 and 5076. Each was grown for 4 d by the method of Hoitink & Sinden (1970) for toxin production by P. syringae pv. phaseolicola, then cells were removed by centrifugation (30 min, 27000g). The supernatant was filtered through a Millipore 0.4 pm filter and 10 pl applied to wells in plates overlaid with E. coli. The supernatant/filtrate from strain 3023 was used to test the effect of various additives on the normal growth inhibition of E. coli.
Preparation ofsyringomycin and syringotoxin. These were prepared by the method of Gross & De Vay (1977b), using strains B-3A (= PDDCC 6379) for syringomycin and Ps 268 (= PDDCC 6366) for syringotoxin. Each preparation had inhibitory activity in a Bacillus subtilis spore bioassay (Grove & Randall, 1955) and was partially purified by butanol extraction and ion-exchange chromatography.
RESULTS
Groups of P. syringae pv. syringae according to natural host were, in general, found either to produce, or not produce, an E. coli inhibitor (toxin), with the exception of, at most, a low proportion of strains ( Table 1) . Thus toxin-producing groups were P. syringae pv. syringae from Citrus spp. and from Syringa vulgaris L. although each of these groups contained one or two toxin non-producing (Tox-) strains. Toxin non-producing groups were from Allium spp., Pisum sativum L. and Sorghum spp., and toxin non-producing groups containing a low proportion (2 out of the 10, 1 1, or 12 studied) of toxin-producing strains were from Phaseolus spp., Prunus spp. and Pyrus communis L.
Toxin was produced in liquid culture by 8 out of 9 Syringa vulgaris strains tested which also showed positive toxin-production on plates. Two Syringa vulgaris strains that did not produce detectable toxin in liquid culture were 3059 (Tox+ on plates) and 3080 (Tox-on plates). A more detailed study with one strain (3023) showed that toxin was produced in liquid culture during the early growth phase, and the concentration appeared to have reached a maximum before the end of the exponential phase of growth at 4d.
The biochemical basis of the inhibition of E. coli was evaluated by studying the effect that various additives to the E. coli overlay had on the subsequent development of the E. coli inhibition zone ( Table 2) . Basic L-amino acids (e.g. arginine, lysine, ornithine) prevented the inhibition of E. coli, but neither neutral and acidic amino acids (Table 2) , nor a tripeptide (triglycine) had any effect on the appearance of the inhibition zone. These results were compared with the characteristics of the tripeptide toxin phaseolotoxin, a specific inhibitor of ornithine carbamoyltransferase (Ferguson et al., 1980) (Table 3) . The inhibition by the pv. syringae toxin was prevented by ornithine but not triglycine, the converse of the findings using p haseolotoxin.
DISCUSSION
We have used the term 'toxin' for the component(s) produced by P. syringae pv. syringae that inhibit the growth of E. coli. This should not imply that these component(s) are phytotoxic or have any involvement in the plant diseases caused by the bacteria that produce them. These factors have yet to be studied. We refer to this toxin as pv. syringae toxin.
The presence of pv. syringae toxin was recognized by large zones of inhibition to the growth of E. coli, that were prevented by arginine or ornithine, but not by triglycine (Table 3) . We believe that one compound, or one type of compound, is responsible for this biological activity in the strains examined. It is likely that this is the same inhibitor as that reported by Gason (1980) from some P. syringae pv. syringae strains. Gason suggested that the inhibition may be the result of an 3909, 3910. 391 1, 4409, 4496, 4917,4923, 5104, 5901, 6006, 6008, 6009, 6366 3028, 3889 3693, 3901 397, 3932 3023, 3029, 3475, 3477, 3478, 3491, 3509, 3557, 4018, 4894, 5076 1 Toxin non-producers 3413, 3414, 3642, 3643, 3644, 4012 4899 3819, 3394, 3462, 3525, 3550, 3890, 2796, 3315, 3317, 3319, 3543, 3576, 3914, 4378, 4525 3939, 5305, 5307, 5319, 5320. 5323, 5324, 5883 465, 519, 3026, 3027, 3548, 3688, 3689, 3691, 3696, 3701 455, 709, 2747, 3025, 3081, 3907, 3908, 449 1 3406, 3409, 4375, 4379, 4415, 4474, 4477 3080, 4932 Table 2. Efect of various amino acids on the growth inhibition of E . coli caused by phaseolotoxin or pv. syringae toxin
In addition to the compounds listed, the following L-amino acids had no effect on the growth inhibition caused by either toxin : asparagine, glutamine, histidine, homoserine, isoleucine, leucine, methionine, phenylalanine, proline, serine, tryptophan, tyrosine and DL-diaminopimelic acid. The following Nacetyl derivatives similarly had no effect: Nu-acetyl-L-ornithine, NQ-acetyl-L-lysine, N'-acetyl-L-lysine.
Prevention of E. coli growth inhibition* caused by : Amino acid inhibition of arginine biosynthesis. However, our data indicate that there is no specificity for the reversal of the inhibition by amino acids from the one, or related, biosynthetic pathways. Rather, reversal of the inhibition is apparently caused by many basic amino acids, and thus may be the result of an uptake competition phenomenon. On the basis of biological activity, the pv. syringae toxin is distinct from any other compound known to be produced by pathovars of Pseudomonas syringae. The differences between the pv. syringae toxin and phaseolotoxin in the E. coli assay, apparent in Table 3 , will allow rapid and accurate recognition of each of these toxins. The pv. syringae toxin, furthermore, has a different biological activity from either syringomycin (SM) or syringotoxin (ST) (De Vay et al., 1978) . Thus, whereas pv. syringae toxin inhibited E. coli, neither preparation of SM or ST did. In contrast, pv. syringae toxin did not inhibit B. subtilis, even in amounts in excess of that required to give a 15 mm zone of inhibition in an E. coli assay, whereas SM and ST did inhibit B. subtilis. This is consistent with the relative insensitivity to either SM or ST of E. coli compared with B. subtilis (about 16-32-fold less sensitive).
The grouping of P. syringae pv. syringae strains according to their natural host has revealed an apparent correlation between host and toxin production or toxin non-production (Table 1) . Thus typically, strains from either Citrus spp. or from Syringa vulgaris are toxin producers (Tox+), while strains from other hosts (Allium spp., Phaseolus spp., Pisum satiuum, Prunus spp., Pyrus communis or Sorghum spp.) are typically non-producers of toxin (Tox-). This toxin is not produced under the same conditions by many other P. syringae pathovars (Mitchell, 1981) . This apparent specificity of toxin production may indicate a natural division in the pv. syringae group of Pseudomonas syringae. This suggestion could be tested by using other parameters, such as DNA homology.
